1. Protein digestibility a) Intrinsic digestibility . Heat processing of food will influence protein digestibility in at least four ways . First, by modifying the tertiary and secondary structure ("denaturation") of the protein , heat will, generally, increase protein digestibility. This effect is most pronounced for certain vegetable proteins such as l egume seed protein, soya protein being the best known sample (19) . Second, amino acid side-chains may be modified , impeding the action of certain digestive enzymes . Th us, the blocking of the E-amino group of lysine in heated milk will hinder the action of trypsin and reduce global protein digestibility (20) . Third, new cross-links may be formed within or between molecules (isopeptides , disulfide bridges, aldol condensation, malonaldehyde links , polyphenol complexes) that reduce the digestibility of the whole protein molecule or of certain fragments of the mol ecule. Active intermediates of the advanced Maillard reaction (dicarbonyls , aldehydes) PROCESSING AND PROTEIN QUALITY S63 
C. PRACTICAL APPLICATIONS
Two examples are given: milk protein and vegetable protein, the former be cause it is often the sole food for infants, the latter because the most abundant sources are found in raw material that needs heat processing.
1. Milk a) Lysine damage in commercial milk samples. Since in heated milk (normal industrial processing) heat damage is almost exclusively of the early Maillard type, the determination of blocked lysine is the best tool for the evaluation of processing damage. Table 2 shows the range of values found in milk preserves prepared according to good manufacturing practice. Pasteurization and spray-drying of milk does barely damage lysine, whereas in-can sterilization always blocks some lysine. It should be noted, however, that special milk formulas rich in lactose or glucose are more prone to an early Maillard damage. Even spray-dring, when not properly 2. Vegetable protein (extrusion-cooking) a) Improvement of nutritive value. A good example of improvement of nutritive value by processing is provided by extrusion-cooking of soyabeans and many other legume-or oil-seeds. Thermal inactivation of trypsin inhibitors and other growth-retarding factors and thermal unfolding of the major seed globulins improve protein digestibility and bioavailability of the limiting sulphur amino acids (31) . b) Losses in protein nutritional value (32) . Losses during extrusion-cooking are not only linked to the presence of reducing sugars but also of starch. Cereals are, therefore, more prone to damage than legume seeds. The damage is, generally, of the Maillard type as shown by the loss of lysine, and is enhanced by low moisture content. Starch is partly dextrinized by severe extrusion conditions thus providing reducing carbohydrates (33) . The impact of extrusion-cooking on wheat flour and on whole-grain wheat flour was studied by Bjorck et al. (34) . In wheat flour, the lysine loss ranged from 0-37% depending on processing conditions. No losses occurred in other amino acids. The highest loss was observed at the highest mass temperature. The amino acid composition of the whole grain wheat flour was almost unaffected by processing (9% lysine lost at the most severe processing conditions).
True digestibility (TD) was not affected in wheat flour, even under severe conditions. In contrast, with whole-grain flour, there was a decrease in TD (6%) during processing.
The biological value (BV) of wheat flour processed under mild conditions was similar to that of raw flour, whereas the BY of the more severely processed wheat flour was reduced. In the whole-grain product, there was also a decrease in BV.
The lower lysine loss in the whole-grain flours is probably due to a higher moisture content of the feed. The decrease in TD in the whole grain product may be due to interactions between digestible polysaccharides and protein. In order to obtain high quality wheat products, the extrusion conditions must be carefully selected and adapted to the type of wheat flour. Under severe processing conditions, high lysine losses occurr.
CONCLUSION
Nowadays, extensive knowledge of the reaction mechanisms, appropriate Vol. 36, Suppl. I, 1990 analytical and biological methods and flexible processing operations are available to prevent, to a large extent, protein nutritional losses . The proper use of this knowledge needs, however, sound judgement and discrimination as well as cost benefit considerations. Protein quality does not have the same importance for a snack food occasionally eaten by affluent people whose protein intake is already high as for a staple, like milk, which is the main protein source for an infant . 
